W e h a v e d e v e l o p e d a n i n t e r f a c e between t h e PDP 15/30 computer and t h e V e r s a t e c p r i n t e r / p l o t t e r , model 200A, o p e r a t i n g i n t h e s e r i a l p r i n t mode.
The i n t e r f a c e c o n s t r u c t i o n i n v o l v e d f a b r i c a ti n g a c a b l e w i t h two t w i s t e d p a i r s f o r a s i g n a l and a c o n t r o l l i n e , s p e e d i n g up t h e c l o c k i n t h e e x i s t i n g f o r e g r o u n d t e l e t y p e c o n t r o l l e r and c h a n g i n g less t h a n a dozen w i r e s i n i t . The a s s oc i a t e d 1/0 d e v i c e h a n d l e r , which w e h a v e w r i t t e n , a l l o w s t h e p r i n t e r t o b e u s e d a s t h e l i s t i n g d e v i c e i n t h e D i g i t a l Equipment
C o r p o r a t i o n Advanced Monitor. S o f t w a r e System. With t h e h a n d l e r , t h e p r i n t e r i s c a p a b l e o f p r i n t i n g 80 c h a r a c t e r l i n e s a t a p p r o x im a t e l y 120 l i n e s p e r m i n u t e .
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We have a n i q i t.al. Equipment C o r p o r a t i o n (DEC) PDP 15/'30 computer system which h a s t h e equipment c o n f i g u r a t i o n l i s t e d i n T a b l e I . I n o u r a p p l i c a t i o n w e d o n o t u s e t h e f o r e q r o u n d t e l ep r i n t e r , s o i t s c o n t r o l l e r i s a v a i l a b l e f o r o t h e r a p p l i c a t i o n s .
( a )~h i s p a p e r i s b a s e d on work performed under U n i t e d S t a t e s Atomic Energy Commission C o n t r a c t AT(45-1)-1830.
W e a l s o have a V e r s a t e c p r i n t e r / p l o t t e r , model 200A, which w a s p u r c h a s e d f o r g & n e r a l l a b o r a t o r y u s e . We d e t e r m i n e d t h a t w i t h a few s i m p l e m o d i f i c a t i o n s , t h e f o r e g r o u n d t e l e t y p e c o n t r o l l e r L ! .
. i n t h e PDP15 c o u l d b e used a s a c o n t r o l l e r f o r t h e p r i n t e r p o r t i o n 8 I o f t h e V e r s a t e c a n d . i m m e d i a t e l y g i v e u s a f a s t p r i n t e r f o r t h e PDP15. W i t h i n a few d a y s a f t e r d e c i d i n g t o modify t h e t e l e t y p e c o n t r o l l e r , w e completed t h e d e s i g n , i n s t a l l a t i o n and debugging o f the m o d i f i c a t i o n and t h e n completed a h a n d l e r t h a t o p e r a t e s u n d e r t h e Advanced S o f t w a r e System ( A D S S ) .
The V e r s a t e c p r i n t e r / p l o t t e r i s c u r r e n t l y b e i n g u s e d a s t h e l i s t i n g d e v i c e f o r t h e PDP15, p r i n t i n g 80 c h a r a c t e r l i n e s a t a p p r o x i m a t e l y 120 l i n e s p e r m i n u t e .
P r i n t e r / C o m p u t e r I n t e r f a c e
The i n t e r f a c e d e s i g n r e q u i r e d t h e a d d i t i o n of a jumper i n o n e o f t h e V e r s a t e c s i g n a l c o n n e c t o r s , c o n s t r u c t i o n o f a s i g n a l and c o n t r o l c a b l e w i t h two t w i s t e d w i r e p a i r s and s l i ' g h t m o d i f i c a t i o n o f t h e PDP15 f o r e g r o u n d t e l e t y p e c o n t r o l l e r .
T a b l e 2 shows t h e V e r s a t e c c o n n e c t o r p i n a s s i g n m e n t s used f o r t h c i n t e r f a c e . Tlie ~~u~r~e n c l a t u r e i n t h e t a b l e i s from t h e V e r s a t e c p r i n t s . P i n 1 3 o f J1 h a s t o b e t r u e ( h i g h TTL l e v e l ) f o r p a r a l l e l p l o t t e r o p e r a t i o n and f a l s e ( g r o u n d ) f o r s e r i a l p r i n t e r o p e r a t i o n .
The V e r s a t e c p r i n t e r i s k e p t i n t h e s e r i a l mode by a m a t i n q conn e c t o r on J1 t h a t h a s p i n 1 3 jumped t o p i n 20.
The s i g n a l and c o n t r o l c a b l e f o r t h e i n t e r f a c e h a s a m a t i n g c o n n e c t o r f o r t h e V e r s a t e c s e r i a l i n p u t (53 of T a b l e 2 ) on one end and a c a b l e c a r d (DEC M-series M904) o n t h e o t h e r e n d . The s e r i a l q l e v e nb i t .code i s t r a n s m i t t e d t o p i n 3 o f . J 3 ( S i g n a l ) o f t h e V e r s a t e c v i a a t w i s t e d p a i r i n t h e c a b l e , a n d t h e REDY c o n t r o l i s t r a n s m i t t e d from p i n 25 o f 5 3 o f t h e V e r s a t e c v i a t h e o t h e r t w i s t e d p a i r i n t h e c a b l e .
F i g u r e 1 shows t h e w i r i n g f o r t h e PDP-15 end o f t h e i n t e r f a c e ' c a b l e .
S i g n a l a n d c h a s s i s , g r o u n d on t h e M 904 c a r d a r e on p i n s and ~2 .
The mounting p a n e l s l o t f o r t h e M904 i s w i r e d w i t h g r o u n d on T 1 and C 2 .
The f o r e . g r o u n d t e l e t v p e c o n t r o l l e r i s c a l l e d t h e LT 15-A S i n g l e T e l e t y p e C o n t r o l by DEC and i s mpunted i n t h e i r BA 1 5 , CPL' o p t i o n . The s c h e m a t i c s f o r t h e BA 1 5 and t h e LT 1 5 a r e found i n Volume 2 , E n g i n e e r i n g Drawinqs, o f t h e PDP -15 X a i n t e n a n c e Nanual . The f r e q u e n c y o f t h e LT15 c l o c k , which i s a n M.4 52 module, shovin i n p r i n t LT15-A-fl2, was i n c r e a s e d from 880 I i Z t o 1 9 , 2 0 0 H Z .
S e r i a l d a t a , an e l e v e n -b i t ASCIJ c o d e , a p p e a r s a t p i n AD2 o f t h e M707 ( $ i g u r e 2 . a ) and i s w i r e d t o p i n D l o f t h e M904 c a b l e h o a r d ( F i g u r e 1 ) . REDY, t h e V e r s a t e c c o n t r o l s i g n a l ( F i g u r e 1) i s c o n n e c t e d t o two g a t e s i n t h e m o d i f i e d LT15 ( F i g u r e 2 . a ) . REDY i s t r u e ( p o s i t i v e
TTL l e v e l ) when t h e V e r s a t e c c a n a c c e p t a s e r i a l c h a r a c t e r f o r p r i n t i n g , and f a l s e ( g r o u n d ) o t h e r w i s e .
O r i g i n a l l y , . two c o n t r o l s i g n a l s , "LTfl3 T e l e p r i n t e r lag" a n d
r o v i d e d t h e PDP-15 w i t h i n f o r m a t i o n on t h e s t a t u s o f t h e LT15 p r i n t e r c o r i l r o l o p e r a t i o n .
One s i g n a l , which a p p e a r s a t p i n BK2(see F i g u r e 2 . a and DEC p r i n t ~~1 5 -~-$ 3 ) , and i s c a l l e d
l e v e l t o g r o u n d a t t h e h e g i n n i n q o f t h e s t o p h i t s i n a s e r i a l
c h a r a c t e r t r a n s m i s s i o n . T h i s was i n v e r t e d a n d t h e n c o n n e c t e d t o a n M104 m o d u l e , shown i n p r i n t LT15-A-fl1, t o i n t e r r u p t t h e PDP-15
when a c h a r a c t e r h a d b e e n , t r a n s m i t t e d . F o r t h e V e r s a t e c , t h e LT15 i s m o d i f i e d s o t h a t t h e s i g n a l a t BK2 o f t h e M707 module o f F i g u r e 2 . a i s i n v e r t e d , combined w i t h REDY i n t h e . l o g i c a l R I D g a t e formed by t h e NAND g a t e s o n t h e M113 m o d u l e s i n s l o t s B30 a n d 2 9 , a n d t h e n a p p l i e d t o t h e M104 m o d u l e i n p l a c e o f t h e i n v e r t e d "LTg3 T e l ep r i n t e r la^".
T h u s , when t h e LTS5 i s f i n i s h e d t r a n s m i t t i n q a c h a r a c t e r c o d e , a n d t h e Versatec i s r e a d y t o a c c e p t a n o t h e r c o d e , t h e PDP-15 i s i n t e r r u p t e d . "LT03 TTO SKIP" was o r i g i n a l l y g e n e r a t e d i n t h e LT15 (DEC p r i n t LT15-A-%3) w l~s n e v e r : 1) a t e s t i n s t r u c t i o n was i s s u e d bv t h e
PDP15, a n d 2 ) t h e M707 was f i n i s h e d t r a n s m i t t i n g t h e c o d e f o r a c h a r a c t e r . TO c h a n g e t h i s f o r V e r s a t e c o p e r a t i o n , "LTB3 TT9 SKIP h a s b e e n removed f r o m t h e SA15 a n d i s i n v e r t e d a n d combined i n t h e NAND g a t e i n theM113 m o d u l e i n s l o t B29.
T h i s l o g i c a l c o r ? . b i n a t i o n i s t h e n t r a n s m i t t e d t o t h e BA15 u n i t . T h i s m o d i f i c a t i o n c a u s e s t h e same r e s u l t s as t h e o r i g i n a l " L T %~ TTO SKIP" s i g n a l , b u t o n l v when t h e V e r s a t e c i s a c t u a l l y r e a d y t o a c c e p t a n o t h e r c h a r a c t e r .
F i g u r e 2.b shows t h e c h a n g e s t h a t a r e n e c e s s a r v i n t h e t e l e t y p e c o n n e c t o r (W078 m o d u l e ) shown i n t h e DEC p r i n t LT15-A-g2.
The c u r r e n t l o o p t.hat was o r i q i n a l l y o p e r a t e d bv a t e l e t y p e k e y b o a r d V e r s a t e c P r i n t e r 1/0 H a n d l e r An 1/0 d e v i c e h a n d l e r f o r t h e V e r s a t e c o p e r a t i n g i n t h e s e r i a l p r i n t e r mode was w r i t t e n t o r u n i n t h e Advanced M o n i t o r S o f t w a r e S y s t e m . I n s t r u c t i o n s f o r w r i t i n g t h e h a n d l e r a n d d e fi n i t i o n s o f t h e d i f f e r e n t m a c r o s i t r e s p o n d s t o w e r e t a k e n from t h e DEC p u b l i c a t i o n "Advanced M o n i t o r S o f t w a r e S y s t e m f o r PDP15/ 20/30/40". A p p e n d i x 1 i s a summary o f t h e V e r s a t e c s e r i a l p r i n t e r h a n d l e r t h a t i s i n o u r s v s t e m l i b r a r y a s V S P .
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I f 1 / 0 f i n i s h e d , r e t u r n a f t e r t h e .WAIT o r .WAITR c a l l .
11.
-L e g a l Data Mode IOPS ASCII
V e r t i c a l C o n t r o l C h a r a c t e r s a ) C a r r i a g e r e t u r n (CR) o r l i n e f i n e (LF) c a u s e s same r e s u l t a s a CR/LF c o m b i n a t i o n o n a t e l e t y p e and t e r m i n a t e s t h e l i n e . b ) Form f e e d c a u s e s p a p e r t o a d v a n c e t o t h e t o p o f t h e
Page I V .
H o r i z o n t a l C o n t r o l C h a r a c t e r A h o r i z o n t a l t a b c a u s e s N s p a c e s t o b e p r i n t e d , where N i s t h e number n e c e s s a r y t o s t a r t t h e n e x t c h a r a c t e r
i n columns 9 , 1 7 , 2 5 , 3 3 , ..... I l l e g a l I n t e r r u p t -A m o n i t o r e r r o r message i s g e n e r a t e d -.IOPS 47.
V I I . -T h e V e r s a t e c p r i n t e r i n t h e s e r i a l -m o d e i s i n t e r f a c e d v i a t h e LT15 and t h u s h a s b o t h a u t o m a t i c p r i o r i t y a n d program i n t e r r u p t a v a i l a b l e .
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